Transformed fibroblasts had a low content of ATP when grown at a high cell density and a high content of ATP when grown at a low cell density. 
those with a high, ATP content. Transformed cells with a high ATP content gained agglutinability after ATP depletion by inhibitors of the energy-generating systems, and those with a low ATP content lost their agglutinability after restoration of a high ATP content by glucose. Fixation of the surface membrane by formaldehyde, glutaraldehyde, or LaCl3, inhibited agglutination of cells with an ATP content that allows agglutination. Normal fibroblasts grown at a high or a low cell density were not agglutinated by concanavalin A. Depletion of the cellular ATP content of normal cells induced agglutination only in cells grown at a high, but not at a low, cell density. A similar number of concanavalin A molecules was bound to the surface membrane of agglutinating and nonagglutinating fibroblasts. Concanavalin A (Con A) (1) (2) (3) can bind specifically to glucose-or mannose-like sites on the surface membrane of normal and malignant transformed cells. Interaction of this protein with specific sites can be used as a probe to study structure and function of the cell-surface membrane. With this probe, differences between normal and transformed cells have been shown with respect to agglutinability by Con A (4) (5) (6) (7) (8) , the number and distribution of Con A binding sites (9) (10) (11) (12) , the location of aminoacid and carbohydrate transport sites (13) , and Con A-induced cell toxicity (14) (15) (16) . We have suggested that Con A sites on the surface membrane are associated with two activities, one that binds Con A molecules and another that determines agglutination (6, 7) . The activity that determines agglutination is associated with induction of a new distribution of binding sites to form clusters (17) (18) (19) . The present studies were undertaken to determine the role of energy-generating systems in the control of membrane changes required for agglutination by Con A and the difference between the control in normal and transformed cells.
MATERIALS AND METHODS
Cell Cultures. Transformed cells were a line of fibroblasts from golden hamster embryo cells transformed in vitro after infection with polyoma virus and a line derived from a simian virus (SV) 40-induced hamster tumor (Flow Laboratories, Bethesda, Md.). The normal cells were fibroblasts from secondary cultures of golden hamster embryos. Cells were cultured in plastic petri dishes in Eagle's medium with a 4-fold concentration of amino acids and vitamins (H-21, Grand Island Biological Co., N.Y.) and 10% fetal-calf serum (4); they were subcultured every fourth day and 100 cells were seeded per 100-mm petri dish. There was no detectable mycoplasma contamination when the cultures were tested on mycoplasma agar (20 are given as specific binding in cpm/1000 ug of cell protein.
Total cell protein was measured by the method of Lowry et al. (22) .
Determination of Cellular ATP Content. Cellular ATP content was assayed by the firefly luciferin-luciferase method (23) . Buffered extract of dessicated firefly lantern (Sigma Chemical Co.) was reconstituted and incubated for 24 hr at 4a to degrade any endogenous ATP. After centrifugation, the supernatant was used for 3-4 days with no loss of activity. Cellular ATP was extracted by boiling a sample of cells for 5 min in distilled water, followed by immediate cooling and freezing in liquid air. The precipitate was removed by centrifugation and the ATP was measured in a sample of 10-50 MAl of the supernatant, by addition of a sample of 50 ,l of the firefly extract in a total volume of 3 ml of buffer. The light emission was counted immediately for 0.1 min in a liquid scintillation counter. The intensity of the emitted light increased linearly from 10-8 to 10-9 M ATP.
RESULTS

Agglutinability of transformed cells and the cellular ATP content
Previous results on the agglutination of transformed cells by Con A have indicated, that transformed cells were usually not agglutinated at 1 day but that they were agglutinated at 4 days after subculture (6, 10) . Transformed cells grown under conditions that enhanced cell replication were agglutinated even at 1 day after subculture (10) . In the present experiments, when the transformed cells were seeded at a density of 106 cell per 100-mm petri dish, the cells were not agglutinated at 1 day after seeding, they gained agglutination on the second day, and reached maximum agglutinability on the fourth day (Fig. 1) . However, when the transformed cells were seeded at a density of 5 X 106 or 107 cells per 100-mm petri dish, they gained maximum agglutinability 2 days after seeding (Fig. 2) . Measurements of the cellular ATP content indicated in both experiments that the gain of agglutinability correlated with a high density of cells was also associated with a decrease in the content of cellular ATP (Figs. 1 and 2 (Fig. 3) . The agglutination of cells at 4 days after seeding was partially abolished by the same concentration of glucose. The possibility that agglutination was inhibited by 1 mM glucose as a result of its interaction with the Con A carbohydrate binding sites was ruled out, since 1 mM amethyl-D-glucopyranoside, which is 10-20 times more efficient than glucose as a hapten inhibitor of Con A, did not affect either the ATP conten't or cell agglutination (Fig. 4) . In all cases, the cultures contained not more than about 5% of cells in mitosis. (Fig. 4) . NaF by itself had no effect on ATP content or cell agglutination ( Table 1) . Addition of 1 mM glucose for the last 5 min of a 30-min incubation with the metabolic inhibitors, was sufficient for both restoration of cellular ATP content and inhibition of the agglutination of nonagglutinating transformed cells induced by the inhibitors. Protein synthesis is inhibited when the cellular ATP content is decreased (24) . Our experiments have indicated that 95% inhibition of protein synthesis of nonagglutinating transformed cells by puromycin or cyclohexamide, which had no effect on ATP content, did not affect cell agglutination. The low content of ATP that induced agglutination with Con A did not induce a higher degree of agglutinability than in cells with a high ATP content with the lectins from wheat germ (25) and soybean (26) .
The effect of metabolic inhibitors on agglutination of normal cells is summarized in (1978) mycin in the presence of sodium fluoride had a small effect (+). However, depletion of the ATP content of normal cells seeded at a high density induced cell agglutination, but to a lower extent than in the case of nonagglutinating transformed cells. There was no, or only a small, effect of glucose on both restoration of the ATP content and the inhibition of agglutination in normal cells. Binding experiments with radioactively labeled Con A have shown that a similar number of Con A molecules were bound to the membrane of agglutinating and nonagglutinating transformed (Fig. 5) and normal cells. Treatment of nonagglutinating transformed and normal cells with 1 or 10 ug of purified trypsin per ml for 10 min induced agglutinability without decreasing the ATP content.
Inhibition of cell agglutination by fixation of the surface membrane Fixation of agglutinating transformed cells with 10% formaldehyde, 2.5% glutaraldehyde, or 1 mM LaCl3 inhibits agglutination (17, 19) . In the present experiments, the high degree of agglutination (+ + + +) with 250 Mg of Con A per ml in the unfixed cells was reduced by fixation to i. Cells incubated with LaCl3 (27) and then washed twice reached the same degree of agglutination as unfixed cells. The gain of agglutination in nonagglutinating transformed cells induced by the metabolic inhibitors was also inhibited by fixation with formaldehyde and glutaraldehyde and reversibly inhibited by fixation with LaCh6 (Fig. 6 ) and incubation at 40. The experiments were performed with simian virus(SV)40-transformed hamster cells. The sells were seeded at a density of Normal fibroblasts grown at a low or a high cell density were not agglutinated by Con A. Depletion of the ATP content of normal cells induced agglutination only in cells grown at a high, but not at low, cell density. In normal cells, glucose had no, or only a small, effect on restoration of the ATP content and inhibition of cell agglutination.
The results indicate that in transformed cells agglutination is determined by a low ATP content. However, in normal cells a low ATP content is required but not sufficient for the gain of agglutination. Agglutination of transformed cells by the lectins from wheat germ and soybean was not associated with a low content of cellular ATP. This again indicates (6) a difference in the mechanism of agglutination by Con A and these two lectins. In some experiments, in contrast to results with Con A, addition of glucose enhanced the agglutinability, whereas ATP depletion decreased the agglutinability of transformed cells by the wheat-germ lectin (to be published).
We have previously shown that formation of clusters of protein.
Con A-binding sites on the surface membrane is inhibited by fixation of the fluid state of the membrane. Fixation also inhibited cell agglutination, although the fixed and unfixed cells bound a similar number of Con A molecules. Movement of Con A sites on the membrane to form clusters is therefore required for cell agglutination (17, 19) . We assume that agglutinating fibroblasts have a higher degree of membrane fluidity, which allows cluster formation by Con A, than nonagglutinating fibroblasts. The present results indicate that fixation inhibited agglutination of cells with an ATP content that allows transformed cells to agglutinate. We suggest that the high content of ATP in nonagglutinating transformed cells stabilized the membrane (28) and inhibited the formation of clusters of Con A-binding sites that are required for cell agglutination, and that the Con A-binding sites in agglutinating transformed cells that have a low ATP content are more mobile and form clusters more readily. In normal fibroblasts a low ATP content is required, but is by itself not sufficient for agglutination. The transformed cells, therefore, do not have a control, presumably for membrane stability, that exists in normal cells. 
